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Field of the Invention 

The present invention is directed generally the field of electrophotographic 
printing, and more particularly to a toner regulating member with a metallic coating on a 
flexible substrate. 

Background of the Invention 

One step in the electrophotographic printing process typically involves providing 
a relatively uniform layer of toner on a toner carrier, such as a developer roller, that in 
turn supplies that toner to photoconductive element to develop a latent image thereon. 
Typically, it is advantageous if the toner layer has a uniform thickness and a uniform 
charge level. As is known in the art, one typical approach to regulating the toner on the 
toner carrier is to employ a doctor (or metering) blade. While there have been a number 
of doctor blade designs proposed in the art, there remains a need for alternative 
designs that address the special concerns of the electrophotographic development 
process. 

Summary of the Invention 

The present invention, in one embodiment, provides a toner layer regulating 
system for an electrophotographic Image forming apparatus. The toner regulating 
system may include a toner carrier; a toner regulating member (e.g., doctor blade) 
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disposed proximate the toner carrier, with the toner regulating member having a first 
surface disposed toward the toner carrier and forming a nip with the toner carrier. The 
toner regulating member comprises a flexible metallic substrate and a metallic coating 
disposed to cover an area of the first surface forming the nip. The coating on the toner 
5 regulating member may advantageously comprise at least a material selected from the 
group consisting of molybdenum and tungsten; indeed, such a material may be the 
largest constituent component of the coating. The coating may advantageously be 
substantially homogeneous and/or uniform in composition, have a thickness of not more 
than 30 urn, and/or be a thermally sprayed coating of a thickness of not more than 30 

10 urn. The toner regulating member may have a first portion mounted to a support and a 
second portion supported in cantilever fashion by the first portion, with the nip disposed 
in the second portion. The coating may be limited to the second portion of the toner 
regulating member. The substrate may be a first material and the coating a second 
material different from the first material. The substrate may have a thickness in the 

is range of 0.02 mm to 2.0 mm. The coating may advantageously have a surface 

roughness of < 2.0 urn Ra, more advantageously 0.2 urn to 1 .5 urn Ra, and still more 
advantageously a surface roughness of 0.7 urn to 1 .1 urn Ra. 

In other embodiments, the toner regulating system generally described above 
may be incorporated into a toner cartridge and/or an image forming device. 
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Brief Description of the Drawings 
Figure 1 shows a representation of an image forming apparatus. 
Figure 2 shows perspective view of a doctor blade according to one embodiment 
of the present invention pressing against with a doctor blade. 
5 Figure 3 shows a side view of the components of Figure 2. 

Figure 4 shows another perspective view of the doctor blade of Figure 2 with the 
developer roller removed and an end seal added. 

Figure 5 shows a perspective view of the doctor blade of Figure 2. 

10 Detailed Description of the Invention 

As the present invention relates to the regulation of toner in an 
electrophotographic image forming apparatus, an understanding of the basic elements 
of an electrophotographic image forming apparatus may aid in understanding the 
present invention. For purposes of illustration, a four cartridge color laser printer will be 

15 described; however one skilled in the art will understand that the present invention is 
applicable to other types of electrophotographic image forming apparatuses that use 
one or more toner colors for printing. Further, for simplicity, the discussion below may 
use the terms "sheet" and/or "paper" to refer to the recording media 5; this term is not 
limited to paper sheets, and any form of recording media is intended to be 

20 encompassed therein, including without limitation, envelopes, transparencies, 
postcards, and the like. 

A four color laser printer, generally designated 10 in Figure 1 , typically includes a 
plurality of optionally removable toner cartridges 20 that have different toner color 
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contained therein, an intermediate transfer medium 34, a fuser 38, and one or more 
recording media supply trays 14. For instance, the printer 10 may include a black (k) 
cartridge 20, a magenta (m) cartridge 20, a cyan (c) cartridge 20, and a yellow (y) 
cartridge 20. Typically, each different color toner forms an individual image of a single 
5 color that is combined in a layered fashion to create the final multi-colored image, as is 
well understood in the art. Each of the toner cartridges 20 may be substantially 
identical; for simplicity only the operation of the cartridge 20 for forming yellow images 
will be described, it being understood that the other cartridges 20 may work in a similar 
fashion. 

10 The toner cartridge 20 typically includes a photoconductor 22 (or "photo- 

conductive drum" or simply "PC drum"), a charger 24, a developer section 26, a 
cleaning assembly 28, and a toner supply bin 30. The photoconductor 22 is generally 
cylindrically-shaped with a smooth surface for receiving an electrostatic charge over the 
surface as the photoconductor 22 rotates past charger 24. The photoconductor 22 

15 rotates past a scanning laser 32 directed onto a selective portion of the photoconductor 
surface forming an electrostatically latent image representative of the image to be 
printed. Drive gears (not shown) may rotate the photoconductor 22 continuously so as 
to advance the photoconductor 22 some uniform amount, such as 1/1 20th or 1/1 200th 
of an inch, between laser scans. This process continues as the entire image pattern is 

20 formed on the surface of the photoconductor 22. 

After receiving the latent image, the photoconductor 22 rotates to the developer 
section 26 which has a toner bin 30 for housing the toner and a developer roller 27 for 
uniformly transferring toner to the photoconductor 22. The toner is typically transferred 
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from the toner bin 30 to the photoconductor 22 through a doctor blade nip formed 
between the developer roller 27 and the doctor blade 29. The toner is typically a fine 
powder constructed of plastic granules that are attracted and cling to the areas of the 
photoconductor 22 that have been discharged by the scanning laser 32. To prevent 
5 toner escape around the ends of the developer roller 27, end seals may be employed, 
such as those described in U.S. Patent 6,487,383, entitled "Dynamic End-Seal for Toner 
Development Unit," which is incorporated herein by reference. 

The photoconductor 22 next rotates past an adjacently-positioned intermediate 
transfer medium ("ITM"), such as belt 34, to which the toner is transferred from the 

10 photoconductor 22. The location of this transfer from the photoconductor 22 to the ITM 
belt 34 is called the first transfer point (denoted X in Fig. 1). After depositing the toner 
on the ITM belt 34, the photoconductor 22 rotates through the cleaning section 28 
where residual toner is removed from the surface of the photoconductor 22, such as via 
a cleaning blade well known in the art. The residual toner may be moved along the 

15 length of the photoconductor 22 to a waste toner reservoir (not shown) where it is stored 
until the cartridge 20 is removed from the printer 10 for disposal. The photoconductor 
22 may further pass through a discharge area (not shown) having a lamp or other light 
source for exposing the entire photoconductor surface to light to remove any residual 
charge and image pattern formed by the laser 32. 

20 As illustrated in Figure 1 , the ITM belt 34 is endless and extends around a series 

of rollers adjacent to the photoconductors 22 of the various cartridges 20. The ITM belt 
34 and each photoconductor 22 are synchronized by controller 12, via gears and the 
like well known in the art, so as to allow the toner from each cartridge 20 to precisely 
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align on the ITM belt 34 during a single pass. By way of example as viewed in Figure 1 , 
the yellow toner will be placed on the ITM belt 34, followed by cyan, magenta, and 
black. The purpose of the ITM belt 34 is to gather the image from the cartridges 20 and 
transport it to the sheet 5 to be printed on. 

The paper 5 may be stored in paper supply tray 14 and supplied, via a suitable 
series of rollers, belts, and the like, to the location where the sheet 5 contacts the ITM 
belt 34. At this location, called the second transfer point (denoted Z in Fig. 1), the toner 
image on the ITM belt 34 is transferred to the sheet 5. If desired, the sheet 5 may 
receive an electrostatic charge prior to contact with the ITM belt 34 to assist in attracting 
the toner from the ITM belt 34. The sheet 5 and attached toner next travel through a 
fuser 38, typically a pair of rollers with an associated heating element, that heats and 
fuses the toner to the sheet 5. The paper 5 with the fused image is then transported out 
of the printer 10 for receipt by a user. After rotating past the second transfer point Z, the 
ITM belt 34 is cleaned of residual toner by an ITM cleaning assembly 36 so that the ITM 
belt 34 is clean again when it next approaches the first transfer point X. 

The present invention relates to a toner regulating system 40 that may be 
employed in electrophotographic imaging devices, such as the printer 10 described 
above. The illustrative toner regulating system 40 includes the developer roller 27 and 
the doctor blade 29. Referring to Figure 2, the doctor blade 29 is supported from the 
frame of the toner cartridge 20 on one end and presses against the developer roller 27 
towards the other end. The pressing of the doctor blade 29 against the developer roller 
27 with toner in-between helps regulate the toner, such as by controlling the thickness 
and charge level on the toner. 
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The doctor blade 29 has a generally rectangular form and may be conceptually 
divided into a mounting portion 60 and a nip portion 70. The mounting portion 60 of the 
doctor blade 29 mounts to the frame of the cartridge 20, either directly or via a suitable 
bracket 44. Such a bracket 44, if used, may have a simple bar-like shape and be 
5 secured to the frame of the cartridge 20 by suitable fasteners 46. Alternatively, the 
bracket 44 may have a curved or bowed shape, such as that shown in U.S. Patent No. 
5,489,974, or any other shape known in the art. Further, as shown in the figures, the 
mounting portion 60 may be advantageously mounted at an angle either toward or away 
from the center of the developer roller 27. For example, if a bracket 44 is used, the front 

10 face of the bracket 44 may be angled, such as a slight forward slant of 1 2.5° as shown 
in Figure 3. The mounting portion 60 of the doctor blade 29 is advantageously mated to 
some structure (e.g., bracket 44) along its entire lateral length, so as to prevent toner or 
other debris from becoming trapped between the mounting portion 60 and its supporting 
structure. The mounting of the mounting portion 60 may be via any known method, 

15 such as by a plurality of spot welds, adhesives, or over-molding the support structure 
around the relevant end of the doctor blade 29. For the embodiment shown in the 
figures, the mounting portion 60 is mounted at a point downstream from the nip 42 
formed between the developer roller 27 and the doctor blade 29. Thus, the doctor blade 
29 is in what is commonly referred to as a "counter" (or sometimes "skiving" or 

20 "leading") orientation. 

The nip portion 70 of the doctor blade 29 is supported by the mounting portion 60 
in a cantilever fashion. That is, the nip portion 70 is not affixed to another portion of the 
frame, but is instead supported from the frame by the mounting portion 60. The nip 
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portion 70 includes a portion that forms the nip 42 with the developer roller 27 and an 
optional overhang portion 72 that extends beyond the nip 42. Due to the flexibility of the 
doctor blade 29, the nip portion 70 presses against the developer roller 27 due to its 
inherent spring force. This is represented in Figure 3 where the un-deflected free state 
5 of the doctor blade 29 is shown in phantom lines, and the in-use deflected state of the 
doctor blade 29 is shown in solid lines. Further, as shown in the figures, the nip portion 
70 typically presses against the developer roller 27 in such a fashion that the doctor 
blade 29 is generally tangent to the developer roller 27 at the nip 42. The doctor blade 
29 may press against the developer roller 27 with any suitable amount of force per unit 

10 length, such as approximately 0.08-0.09 N/mm; note also that this pressing force need 
not be uniform across the lateral width of the developer roller, such as by using a curved 
bracket 44, or causing the doctor blade to have a lateral bow (see U.S. Patent No. 
5,485,254), or by any other means known in the art. Note further that because the 
developer roller 27 has a compressible surface, the pressing of the doctor blade 29 

15 causes the nip 42 formed therebetween to be a small area rather than a simple point 
(when viewed from the side). The nip 42 may advantageously have a length along the 
doctor blade 29 of 0.6 mm to 1 .2 mm. The distance from the center of this nip 42 to the 
end 74 of the blade 29, defining the overhang area 72, may be on the order of 0.25 mm 
to 2 mm, and advantageously approximately 1 .3 mm. The distal tip 74 of the doctor 

20 blade 29 may have a simple straight profile, or may include a bend or bends, a forward 
facing chamfer, or any other shape known in the art. The lateral edges of the nip 
portion 70 may also be relatively straight, or may have any other shape known in the 
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art. For example, the lateral leading edges of the doctor blade 29 may advantageously 
include chamfers 76, such as 15° by three millimeter chamfers 76 shown in Figure 4. 

As described above, the doctor blade 29 shown in the foregoing Figures is 
disposed in what is commonly referred to as a "counter" orientation in that the moveable 
tip 74 of the doctor blade 29 at or near the nip 42 is disposed upstream of the mounting 
portion 60 of the doctor blade 29, with respect to the direction of the rotation of the 
developer roller 27. For some embodiments of the present invention, the doctor blade 
29 may instead be oriented in a following (or "trailing") orientation, where the nip portion 
70 is disposed downstream from the mounting portion 60. Further, the mounting 
method employed to mount the doctor blade 29 may advantageously allow for a bias 
voltage to be applied to the doctor blade 29 to assist in controlling toner charge for the 
residual toner on the developer roller 27. The particular characteristics of the applied 
bias voltage, if any, are not important to understanding the present invention, and any 
approach known in the art may be employed. 

Referring to Figure 5, the doctor blade 29 includes a substrate 80 and a coating 
90. The substrate 80 forms the majority of the doctor blade 29 and typically takes the 
form of thin, generally rectangular, plate-like member made from a flexible material. For 
example, the substrate 80 may be formed from a phosphor-bronze "shim" material with 
a thickness Ts of a nominally 0.025mm to 0.20 mm, advantageously approximately 
0.076 mm, and a length Ls of nominally 12 mm. Such a substrate 80 material has a 
substantial inherent flexibility that allows it to be deflected a substantial amount and 
spring back with little to no permanent deformation. A metallic material is believed 
advantageous for the substrate 80, as such materials are typically highly conductive and 
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resilient. The conductivity may be advantageous in some situations, so as to allow for 
the bias voltage differential between the doctor blade 29 and the developer roller 27 
discussed above to be readily controlled, thereby allowing the charge level on the 
residual toner on the developer roller 27 after the nip 42 to be properly controlled. The 
preferred level of this induced charging (if any), which is typically combined with the 
triboelectric charging associated with the nip 42, will depend on the particular 
application, as is understood by those of skill in such art. In addition to electrical 
conductivity, metallic materials offer high thermal conductivity, which allows the 
substrate 80 to aid in pulling heat away from the area of the nip 42 so as to lessen the 
potential for melting the toner. For ease of reference, the surface of the substrate 80 
facing the developer roller 27 will be referred to as the front side 52, with the opposite 
surface of the substrate 80 - facing away from the developer roller 27 - referred to as 
the back side 54. It should be noted that while the substrate 80 may be of a non- 
homogenous and/or multi-layer construction, the present discussion assumes a 
homogenous single-layer construction for simplicity. 

The coating 90 of the doctor blade 29 is disposed on at least the front side 52 of 
the substrate 80 in the area of the nip 42. For instance, the coating 90 may be disposed 
over an area extending from a point near the tip 74 of the substrate 80 to a point on the 
other side of the nip 42 (towards the mounting portion 60). The length Lc of coating 90 
may be, for example, approximately 4 mm. The thickness Tc of the coating 90 may be 
in the range of 3 urn to 30 urn, and more advantageously be in the range of 5 urn to 
15 urn. The coating 90 is advantageously metallic. Further, the coating may 
advantageously substantially homogeneous and/or substantially uniform in composition. 
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In addition, the coating 90 may advantageously have an "as applied" (without further 
processing) surface roughness in the range of <2.0 um Ra measured using a contact 
profilometer, advantageously in the range of 0.2 to 1.5 um Ra, and more 
advantageously in the range of 0.7 to 1 .1 um Ra. It should be noted that the material of 
the coating 90 should have suitable abrasion properties so as be able have a sufficient 
operating life, such as twelve thousand pages or more, depending on the application. 

As noted above, the coating 90 is of a metallic type. Suitable known metallic 
materials for the coating 90 include molybdenum, tungsten carbide, and alloys of those 
materials. More broadly stated, the coating, in some embodiments, is composed of one 
or more materials/where at least one material is selected from the group consisting of 
molybdenum and tungsten. Necessarily included under such a description are pure 
molybdenum, tungsten carbide, etc. and alloys or mixtures of any of the aforesaid 
materials. When applied using the plasma deposition type of thermal spray deposition 
process (discussed further below), it is believed that molybdenum and tungsten carbide 
(typically in a cobalt matrix) will provide good performance at a reasonable 
manufacturing cost. 

As indicated below, the coating 90 may be applied to the substrate 80 using a 
thermal spray process, such as the plasma deposition process that is sometimes 
referred to as "air plasma spraying," High Velocity Oxy-Fuel Spray (HVOF), electric arc 
wire spray, or other thermal spray techniques known in the art. By way of non-limiting 
example, the plasma deposition process for a molybdenum coating 90 may use a type 
9MB plasma spray gun; a type 4MP feeder with vibrating air; a type 7M plasma spray 
control unit; all from Sulzer Metco of Westbury, NY; a Jet Kote Surfacing Systems 
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feeder control unit Deloro Stellite Co. of Goshen, Indiana, and a GE 728 five port nozzle 
from A-Flame Corp. of Cincinnati, Ohio placed three and one-half to six inches (more 
advantageously four to five inches, such as four and one-half inches) from the 
substrate. The gas mixture may be argon/helium, with the argon primary gas supplied 
at 65-75 psi and 150 liters/minute and the helium secondary gas supplied at 65-75 psi 
and 65 liters/minute. A molybdenum powder of type 118FNS molybdenum from Powder 
Alloy Corp. of Cincinnati, Ohio may be used with a feed pressure of 92 psi. The cooling 
air may be at 55 psi. The plasma discharge may have an arc pressure of 60 volts and a 
current of 800 amps. Alternative powders include type AE8245 (Sulzer Metco), type 
AE8175 tungsten carbide-cobalt (Sulzer Metco), and blends thereof. 

The doctor blade 29 described above may be used in a toner regulating system 
40 to help regulate the amount of toner on the developer roller 27. In the illustrative 
toner regulating system 40, a doctor blade 29 as described above is mounted to a frame 
of the cartridge 20 along its mounting portion 60, and presses against the developer 
roller 27 at its nip portion 70 to form a nip 42. The formed nip 42 helps regulate the 
thickness of the residual toner left on the developer roller 27, and also advantageously 
applies a triboelectric and/or induced charge on the residual toner. Thus, as suitably 
thick and charged layer of toner may be formed on the developer roller 27 and carried to 
the developing location. Just by way of non-limiting example, the residual toner may 
have a thickness in the range of 4 urn to 20 urn, for a density of 0.3 to 1 .2 mg/cm 2 , and 
a charge of -12 uC/gm to -35 uC/gm. 
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Such a toner regulating system 40 may be used with toner that is mono- 
component or multi-component, magnetic or non-magnetic, color or black, or any other 
toner used in electrophotographic systems. 

The discussion above has been in the context of a conventional multi-color laser 
printer 10 for illustrative purposes; however, it should be noted that the present 
invention is not so limited and may be used in any electrophotographic system, 
including laser printers, copiers, and the like. Further, the illustrative discussion above 
has been used a developer roller 27 and the relevant toner carrier, but the present is 
invention is not limited to use with developer rollers 27, and may be used to regulate the 
thickness and/or charge on developer belts or any other developer carrier. 

The present invention may, of course, be carried out in other specific ways than 
those herein set forth without departing from the essential characteristics of the 
invention. The present embodiments are, therefore, to be considered in all respects as 
illustrative and not restrictive, and all changes coming within the meaning and 
equivalency range of the appended claims are intended to be embraced therein. 
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